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ELECTROCHEMISTRY OF FUEL CELLS FOR TMNSPORTATION
APPLICAT?ONS

E. R. Gonzalez and S. Srinivasan

Los Alamos Na\:ional Laboratory
P. O. Box 1663, Los Alamoei, New Mexico 87545

ABSTRACT

Fuel cells ●re the most promising power sources for electric vehicles ●nd do not
suffer from the inherent limitations of efficiency, energy density, ●nd lifetime,
as encountered with all types of batteries considered for this ●pplication. The
projected performance of iuel-cell-powered vehicles is comparable to that of the
internal combustion and diesel engine vehiclet but with the ●dditional ●dvantages
of higher fuel efficiency, particularly with synfuels from coal. The ideal fuel

for ● fuel cell power plant for electric vehicles is methanol. This fuel is re-
formed to hydrogen, which combines with oxygen from the ●ir in an ●cid electrolyte

(phosphoric, solid polymer, or superacid) fuel cell to produce ●lectricity.
Though the phosphoric acid fuel cell is ~n the most ●dvanced state of development

(mainly for power generation ●pplications), the selid polymer ●nd tuperacid elec-
trolyte fuel cellc ●re more promising for the transportation ●pplication because
of the faster oxygen reduction kinetics (and hmce potential for higher power den-
sities) ●nd shorter start-up times. Alkaline electrolyte fuel cells can be used
ouly with pure hydrogen (which causes ● weight or energy penalty for ●ny of the
methods it can be carried on board the vehicle), but have the best potential for
minimizing or eliminating nobJe metal requirements. The paper summarizes needed
●reas of research (i.e. , reduction or elimination of noble metal loading, finding
CO tolerant electrocatslysts, finding leas expensive solid polymer electrolytes,
synthecis of and elucidation of higher molecular weight ●uperacids) to ●dvance
fuel cell technology for vehicular applications.

KEYUORl)S

Fuel cells, power sources for ●lectric vehicles; electrolytes [phosphoric ●cid,
●olid polymer (Nafion), superacid (e.g., CF SO H )]; ●lectrocatalysic; CO poison-

332
ing; ●intering of platinum; oxygen reduction kinetics; double layer; ●dsorption.

RATIONALE AND ELECTROLliEMICAL REQUIREMENTS

The energy crisis ●fter the oil embargo in 1973 stimulated research ●nd develop-
ment of power plants for ●lectric vehicles. Vehicle- with batteries face ●erioue
problem such ●s the need for long periods of recharging, low energy density, ●nd



. . .

poor cycle life. In the 1970s, concentrated efforts were ❑ade to develop ad-

vanced batteriee with performance characteristics superior to those of lend-acid
ba~teriea. Though many of theoe battery systems showed promise initially, the
reeearch and development programa demonstrated difficulties in overcoming the
above problems. If electric vehicles are to approach the perfomnance character-

ietice of dieael-engine- and internal-combust ion-powered vehicles in respect to
range and acceleration but with more efficient fuel utilization, the most promis-
ing source ●ppearo to be a fuel cell using reformed methanol. In order to ad-
vance fuel cell technology for vehicular ●pplications, several electrochetlical
ccmaiderationa are essential. This paper focuses on thece acpecto in an analysis
of the potential fuel cells am power eourcea for electric vehicle~.

In ●stablishing the needa in terms of performance of fuel cells for transporta-
tion, the first paramete~ that haa to be defined ia the type of fuel. One of the
most promioictg fuels ia methanol, (McComick and coworkers, 1979), which can be
obtained from coal, natural gaB, or biomaaa and can easily be converted to H2 in
a reformer.

It is pseible that in the future, an abundance of H2 fuel will be produced be-

cauae “01 the development of nuclear and fusion reactors. However, efficient ●nd

safe waya to store, trsnaport, ●nd handle this fuel will have to be devioed.

From the computer simulation studies of Lynn (1980), it. ia poaeible to liet the
electrochemical requirements of fuel cells for tranaportation, and these are pre-
●e~ted in Table 1. Parameters such as the current density, cell potential, noble
metal loading, ●nd internal reaiatance are related to the kinetics of the ●lee-
trode proceasee and the conductivity of the electrolyte. Alno, the performance
●nd the life of the cell ●re related to CO chemi~orption on the ●lectrocatalyst
particlea, the ointering of these particles, mid ●lectrochemical corrosion of the
●upport materialfi.

TA$LE 1 Back~round E.@e ntial Electro chemical Reauirg=

~Qf F)Jel cello m Elect kv~
—

o High Power Dentity (>130 mW/cm2)
o High Efficiency (>30%)
o Low Oxygen OverPotential (<400 ❑Vj
o F’afit Start-up Time (<5 rein)
o Fact Res~nne Transient
o Lifetime of 5,000+,000 h with Operation Under Simu-

latad Vahicle Operating Condition
o Stability of Cell Comp9nent ~aterialo ●t Close to Open

Circuit Potentials
o Optimize Syctema Engineering o: Methanol Reformer ●nd

Fuel CQ1l
o Reduction in Noble Metal Loading; Finding Noble Metal

Subctilutoo; Low Comt of other Cell Componei~tu
o Minimal Poisoning of Anode by Impuritiaa

— .———-.—

Tabl= 2 ●hova the main characte~islica of the promising types of fuel cells for
●lectric vehicles. Th~ el@ctrochamistry of each of these tymtet.os will b,? pre-
eentad i~~ the following ●ectiona.



TABLE 2 PromisinR Tvpes of Fuel Cells for Electr~

Vehicles

Operating
Fuel Electrolyte Temperature.— Electrocatalvsts

Methanol 85-100% 150-225°C Pt; intermetallica;

‘3p04
alloys; nonmetals
(Organic, inorgan+.c)

Methanol SPE-Nafion 80-150°C Same ●s above

Methanol Superacide- 60-150°C Same ao above

TFMSA, Higher
Homologe

Hydrogen 25-502 KOH 60-90°C Same ●a ●bove ●nd
nonnoble metals,
●.g., Ag with ●nd
without ●dditiven

Phosphoric Acid Electrolyte Fuel Cell

The phosphoric ●cid fuel cell io in the moot advanced state of development, ●nd

ics potenti~l for vehicular application is currently under investigation at Lca
Alamoc . The cell needs ● relatively high temperature of operation (-200 C) to

overcome the low conductivity of the ●lectrolyte and the slow kinetics of the
oxygen reduction reaction. Recently a study of the interracial characteristics
between mercury ●lectrodes ●nd 95% phosphoric ●cid using thiourea ●s ● probe epe-
cieo wat carried out in our laboratory (Gonzalez, Hsueh, ●nd Srinivasan, 1981).
The reoults showed that the double layer is thicker in phosphoric ●cid (61) than
in ●queoun media (~). This meana that the ●lectron transfer during oxygen re-
duction ●t the electrode-phosphoric scid interface occure over ● wider barrier
than at ●n electrode-aqueous ●lectrolyte interface and hence can be ●xpected to
be considerably slower in the former case. Also, it wan found that H3P04 is ❑ ohe

strongly ●doorbed than hater. Thufip the ad~orption of reactantc ●nd intermed-
iates, which lead- to faster reaction ratosp will be more difficult in concan-
tratetd phosphoric &cid than in ●queour electrolytes. This ia confimed by the

●xperimental rasulta thtt the oxygen reduction kinetic- is two orderk of magni-
tude faster in dilute H3P04 than in the concentrated ●cid (Htiuzh and cthern,
1982).

In the pnonphoric ●cid fuel cell, the ●lectrocatalyst consiots of platinum ptr’ i-
CICC on ● conducting carbon substrate. The platinum can be pisoned by chemA-

●orption of Cg contained ●a impurity (-1%) in reformate fuels. At temperatures
●xceading 180 C, this ●ffect ia not too ●erioue, and ●bout 12 CO can be toler-
ated. Aloo, it has been observed that via ●n ●lectrocrysta liization procaas the
Pt particles tmd to ●in”ar (Kinoshita, 1979) with the conmquent 1000 of sctive
●rea. A third problem prenented by the clectrocataly-t is the lorna of platinum

on the ●loctrolyto ●ide. This could be related to corrosion procec-em of the
platinum ●nd of the carbon support when close to the open circuit ptentiala.
This ●howm the need for electrochemical research orient-d toward finding cuitable
oubstitutefi for nobla ■etal electrocatalysto ●nd carbon supports. Home metal-
or~anic complaxao -how good performance (W@lsh, 1980) ●t temperatur~t up to 120°C
but are unstable in the phosphoric acid ●nvironment above this tempcraturo.



Alkaline Electrolyte Fuel Cell

The alkaline electrolyte waa the firat to be developed, but progress has not been
too evident becauae of the stringent limitation imposed that the inlet gaaes ❑ ust
not contain even trace amounta of C02. The electrochemistry of these cells ie

—
highly aatiafactory becsuae i. latively low temperatures (<lOO°C) the oxygen
reduction kinetics even with n~ lble metal catalyste (Ag) ia sufficiently fact
(Mund, Richter, and von Sturm, 1 ‘; McBreen and othera, 1980). These cello need
to operate with a circulating ●lee. -olyte. Becauae of this, internal resi~tancea
tend to ‘/e relatively high, making il difficult to attain high current densities.
Thue, for transportation applications, the power output from cells for start-up
and acceleration is very limited (McBr.en and others, 1980), requiring hybrid
configuration involving secondary batteriea. Thene problems could certainly be
imFroved, but the development of the alksline electrolyte fuel celia is tied LO

the ●vailability of pure H2 an well as LO the ●dvancemeilt of ways of storing and
handling this fuel.

Solid Polymer Electrolyte Fuel Cel~

At preaenr. solid polymer electrolyte fuel cello uae Nafion aa the electrolyte
(McElroy, 1968). Thio membrane in quite expensive; it is predicted to have a
lifetime in fuel cells (100,000 h) that far exceede the needs for transportation
●pplication (5,000 h). Enhanced oxygen reduction kinetics on platinum in thi~
medium and low internal re-intancea make it poaaible to ●chieve higher power den-
sitien than with other types of fuel cells. Further ●lectrochemical research,

systems deeign, ●nd ●ngineering ●re still needed prior to the development of pow-
er plants for vehicular ●pplications. The main p~oblem with this type of cell
haa been water managment when operated ●bove 100 C becauae the drying out of
Nafion makes it nonconducting. Several methodti are being ●xplored to keep the
❑embran~ wet. The present platinum loading is about 10 :imee higher than that
for the phosphoric ●cid fuel cell. However, power densities in the solid polymer
●lectrolyte fuel cello ●re ●bout three times higher than in the phosphoric ncid
fuel cel:~. Efforts to lower noble metal loadings by use of ●upported ●lectrocac-
●lys:s are ,still nececaary. The nolid polymer electrolyte fuel cell has in com-

!!
mon with ●l aline ●nd superacid ●lectrolyt~ fuel cells ● low temperature of oper-
ation (<100 C), which ueana ● faoter ntart-up time, ● very importafit factor in
tranaportaticw ●pplications. On the other hand, the problem of CO chemiaorption

●t these tempersturea may be enhanced, which ●gain pointo to the need for more
electrochemical reaaarch leading to ●lectrocatalyate that ●re tolerant to CO.

At present, tho only ouperacid coaanercially ●vailable is trifluoromethane oul-
fonic ●cid (CF1S03H, TFHSA). Intereot in thin ●cid is baeed on the fact that the

oxygen reduction reaction in aqueoua TFFISA is much faster than in concentrated
phosphoric ●cid (Applcby and Baker, 1978; Srinivaaan ●nd Olender, 1977), AO dio-
cuaoed above, thifi can bu explained partly by ● reduced thickneoa of the double
layer in the oqueous ❑edium. Recrntly, the authors i.lventigated the double layer

propertied. of mercury alectrodea in solutions cont~~.ning rr330~ ●nionL (Gonzalez

●nd Srinivaoan, 1981). It was determined that LF3S03 ●doorba very weakly on

●lectrode and even desorba ●t suffic$c~ily anodic potential-. Thus , the pres-
●nce of thaae ●niona in the ●lectrolyte fihould not interfere with the ●dsorption
of reactantc or intermediate f~r the oxy~en reduction re~~ction.



Early work with TFMSA involved the use of the monohydrate in systems similar to
those using phosphoric acid. Because the monohydrate wets Teflon, research on
thi8 acid as the electrolyte was steered in the direction of aq:!:>c,~ls solutions
(George, 1981). TFMSA has a relatively high vapor pressure. Ccmfiequer,tly, ef-
forts are being focused on the ayntheaia of higher homologe such as tetrafluoro-
ethanedisulfonic acid (Walsh and Eynon, 1980). This acid does not wet Teflon ao
readily becauae of a higher eulfonic group/fluorine atom ratio.

Becauae of the enhanced oxygen reduction kinetics in these auperacida, it ia ex-
pected that fuel cell power denaitiee will be twice as high as those obtained in
PAFC8 . This means that there ia room for electrochemical research toward reduc-
ing the noble metal loadicg or the uae ot nunnohle metal catalyats.

CONCLUSIONS

Electrochemical considerations cre eeeential in determining the suitability of
particular fuel cell ayatems for transportation application. Fundamental re-
search is needed on all four types of fuel cells in areaa such a~ the ●ffects of
●lectrode materiala ●nd ●lectrolyte composition on the oxygen reduction kinetico,
●lectrokorption of CO on noble metals und ●lloya, ●lectrocryatal lizat ion proc-
eaaea lead~ng to the aintering of catalyat particlen, and the development of non-
noble metal catalyata. Needed areaa of research are listed for each type of fuel
cell in Table 3.

TABLE 3 Needed Areafl of Elec~ oche mica] Research on Fuel

Cells for Electr ic Vehic~

o Phosphoric Acid Fuel Cells
‘mprovementa in Oxygen Reduction Kinetic-

- Evaluation of Performance of Cell Under Simulated
Vehick- Operating Conditions

- Reduction i~,, Noble Metal Loading

o Alkaline Fuel Cello
- Efficient C02 Removal Membrane for Oprration With

Reformed Methanol
- Lower Internal Resistance of Cell
- Substitutes for Noble Hatala

o Solid Polymer Electrolyte Fuel Cello
- Low Coot Ion Exchange Membrane
- Efficient Water Management
- Reduction in Noble MCCS1 Loading

o Suparacid Fuel Cent
- Relection ●nd Synthesis of Higher Molecular Weight

Acids
- Acid Concentration Management With TFMSA
- Substitutes for NobLe tletalc

At the same time, it rnuat be kept i~l mind that the performance ●nd lifetime of ●

fuel cell system ●re dependent on the operational charactariutic~. Unril the
presenl time, ●oot ●tudias havm been carried out under continuous operation ●t



nearly conotant power levels for power generation applications. For this reason,
investigation are under way at Los Alamos National ‘laboratory to examine the
variation of performance of fuel cells when subjected to simulated drive cycles
and to ●lucidate the mechaninm of performance degradation.
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